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Antimfcrobicl fabric for surgical drape. 

©A nomvoven fabric having antimicrobial properties 
nibble for use as a surgical drape is disclosed. The fabric is 
bonded with a bonder that contains a poMiexyl methylene 
Mauanide salt as the antimicrobial agent The bonder may 
also contain a rewetting agent 
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Antimicrobial Fabric for Surgical Drapes 
Field of the Invention . % 

This invention relates to nonwoven fabric which possesses 
antimicrobial properties and is useful in the nanufacture 
of surgical drapes* The nonwoven fabric is treated with 
an antimicrobial agent which has activity against a broad 
spectrum of Gran negative and Gram positive bacteria and 
which will not becone inactivated by contact with blood 
serum* 

Background of the Invention 
Surgical drapes are used during surgical procedures to 
isolate the patient from the operating rdon personnel and 
the environment of the operating room. The surgical 
drapes were originally nade of woven textile fabrics, but 
these, fabrics have substantially been replaced by nonwoven 
fabrics. The advantages of the nonwoven fabrics "are that 
they can be made repellent to retard or prevent liquid 
strike- through fron the upper or the contaninated surface 
of the drape through the drape to the patient. The 
passage of liquid through a surgical drape is considered 
to be a source of bacterial contanination to the patient , 
possibly resulting in infection* In most disposable 
surgical drapes, the area immediately surrounding the 
operative site in the drape is reinforced with* additional 
layers of nonwoven repellent fabric or with a combination 
of an absorbent fabric and an impervious plastic film* 
The use of an absorbent fabric or other material such as 
an absorbent foan around the operative site is advan- 
tageous because the surface of these materials helps to 
prevent fluid run off from the area surrounding the 
operative site into the operative wound sit . Although 
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the use of these absorb nt materials offers an advantage, 
there is still a possibility that some fluid will flow 
into the wound site when the absorbent material has become 
saturated or if the fluid is present in greater quantity 
5 than the absorbent capacity of the absorbent material. 
This fluid could be contaminated with bacteria or nay 
contact bacteria on the surface of the drape and become 
contaminated • Bacteria-contaminated fluid flowing into 
the wound site could cause post-operative infection 
10 problems for the surgical patient. For this reason 
surgical drapes which are treated with antimicrobial 
agents have been considered to be desirable. 

Although there are large numbers of antimicrobial agents 
15 available to the manufacturer of surgical drapes, these . 
antimicrobial agents have not been found to be suitable 
for this particular use for a number of reasons. The 
antimicrobial agent should be active against a brOad 
spectrum of both Gram positive and Gram negative" bacteria. 
20 Many of the antimicrobial agents are cationic in nature 
and react with the anionic surfactants that are commonly 
used in the binder systems to bind the fibers in the 
nonwoven fabrics. This inactivates the antimicrobial and 
renders it useless for the intended purpose. Other anti- 
25 microbial agents are not effective in contact with blood 

serum. Although the antimicrobial is effective in contact 
with other fluids, the presence of blood serum on the 
surface of the drape inactivates the antimicrobial and 
. renders it useless. In addition # some antimicrobials are 
30 considered to be toxic to humans and, if they are capable 
of leaching from the nonwoven fabric in the presence of 
fluids found in the operating room, such as saline solu- 
tions, these antimicrobials are not considered to be 
desirable for use in surgical drap s. Other antinricro- 
35 bials react with the binders or finshes in the fabric and 
form toxic adducts. 
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There have been prior attempts to incorporate antimicro- 
bial agents into materials that will he useful for surgi- 
cal drapes and similar products. U.S. Patent 3,310,459 
suggests the formation of a latex impregnated, water-laid 
5 sheet for use as a surgical drape. An antin^crobial agent, 
or bactericidal substance is suggested to be incorporated 
in the water used to form a cellulose web. The veb is 
formed on normal paper-making equipment. A web formed in 
this manner does not have the properties desired as a 
10 fabric for use as a surgical drape. 

U.S. Patent 3,521,625 suggests the use of a formaldehyde 
precursor in various absorbent products such as surgical . 
dressings, disposable diapers and surgical drapes* When 
15 the formaldehyde precursor is contacted with water, form- 
aldehyde is released which inhibits bacteria prolifera- 
tion. Formaldehyde is not considered to be a desirable 
antimicrobial for contact with human skin. 

20 In addition, the particular antimicrob ial agent use d in 
the present invention, j^qlyhexamethylene biguanide^ has 
been suggested as an antimicrobial that has some utility 
in the treatment of textile materials. U.S. Patents 
2,336,605? 2, 990,425* 4,022,836; 2, B63, 919 disclose this 

25 utility. — - 

A surgical drape is commercially available which contains 
an antimicrobial on the surface of the drape * The anti- 
microbial agent is a silicone quaternary ammonium salt. 

30 This surgical drape does not meet all of the desirable 
requirements for a product of this type because the 
antimicrobial is inactivated to a large degree in the 
presence of blood, which is commonly found on the surface 
of surgical drapes during surgical procedures. The 

35 efficacy of the antimicrobial agent used in this product 
is significantly diminished in the presence of blood. 
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Surmary of the Invention 

The present invention provides a surgical drape containing 
antimicrobial agents which are not inactivated by bloofl 
serun and which have a very low saline extractability 
level and, therefore, have low toxicity to the patient. 
The surgical drape of the present invention is rade with a 
cellulose-containing, nonwoven fabric which is bonded with 
a binding agent which contains little or no anionic 
surfactant or is nade with a nonionic surfactant. The — 
fabric contains a polyhexamethylene biguanide salt as the , 
antimicrobial. In addition, the surgical drape nay be 
treated with a rewetting agent which is an amphoteric 
surfactant to insure that the surface of the surgical 
drape has absorbent properties if absorbency is desired. 

In addition to its use as an absorbent component in a 
surgical drape material, the antimicrobial-treated 
nonwoven fabric of the present invention can alsp be used 
for other applications in an operating roon. It can be 
enployed as an instrument wrap, a table cover and, if 
repellent treated, as a water-repellent drape material. 
When used in the present application, the terra "surgical 
drape" is intended to apply to all such uses of the 
present ant inicrobial -treated nonwoven fabric. 

Detailed .Description of the Invention 

The present invention finds its greatest application in 
disposable surgical drapes. These drapes are nade with a 
nonwoven fabric which is generally treated with a water- 
repellent agent. The treatment with a water-repellent 
agent provides resistance to liquid strike- through, 
particularly water, through the surface of the drape when 
the drape is in use. It is believed that the passage of 
liquid through the drape can carry bacteria from the upper 
surface of the drape into contact, with the body of the 
patient and off rs the possibility of introducing foreign 


0136900 


-5- 


bacteria into the patient, especially at the wound site of 
the surgical procedure. The surgical drapes are often 
constructed with a fenestration preformed in the drape. 
The fenestration is the opening through which the surgical 
5 procedure will be performed. There is generally a rein- 
• forceraerit around the fenestration to provide additional 
resistance to liquid penetration which night occur because 
of the presence of fluids in the area of the fenestration. 
The upper surface of the reinforcement area is generally 
10 made with an absorbent surface so that liquid will be 

absorbed on the surface to reduce the tendency of liquid 
to flow into the operative site; The lower surface of the 
reinforcement area is usually liquid-inpervious film to 
prevent liquid strike- through to the operative site. 


15 
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As previously indicated, attenpts have been made to intro- 
duce antimicrobial agents into this absorbent material to 
lessen 'the possibility of bacteria being transferred into 
the wound site. t?he selection of an antimicrobial that 
can be used for this purpose is complicated by the chemi- 
cal nature of the binders that are used in the nonwoven , 
fabrics which form the drape. Hany .antimicrobials are CcJC&AjU 


c£ti£nic_in nature a nd the binders used in the jrianufacture 
of nonwovens gener ally"^ contain an anionic surf alllunLsfo ich 

25 is used as the emu lsifying or dispersing surfa ctant in the 
manufacture of the polymeric binder. The cationic anti- 
microbial agents and the anionic surfactants are not only 
incompatible but often interreact to form adducts which 
may in themselves have toxic properties. It is, there- 

30 fore, not possible to make a simple selection of any 

nonwoven fabric material and add one of the many available 
antimicrobials to the nonwoven fabric to form an effective 
bactericidal surface on the disposable drape. 


SU-47 


0136900 

-6- 


T he antimicrobial nonwoven fabric of the present invention 
is oarticularly useful as the fabric on the reinforcement 
area of a surgical drape. The nonwoven fabric nay be nade 
fron any of the standard nonwoven- fabric manufacturing 
5 processes. The nonwoven fabric used in the nanufacture of 
surgical drapes generally weighs between 40 and 100 grans 
per square meter. The fabric generally contains sone - 
amount of cellulosic fiber, either in the form of regener- 
ated cellulose, i.e.. rayon, or voodpulp fibers. These 
10 fibers have absorbent properties which are desirable for 
the reasons given above. The nonwoven fabric nay also 
contain synthetic fibers such as polyester or poly- 
propvlene as is commonly found in nonwoven fabrics. The 
binder systen that is used for these nonwoven fabrics must 
15 be one that contains little or no anionic surfactant in 
the fomulation of binder or in the formulation of the 
polvmer material on which the binder systen is based. An 
excellent binder material that can be used for the purpose 
of the present invention is a copolymer of ethylene and 
20 vinyl acetate. This binder systen is available as a 

dispersion in polyvinyl alcohol with no surfactant in the 
systen. The binder is also available dispersed in water 
with a nonionic surfactant. Either forn of the ethylene 
vinyl acetate polyner is suitable in the practice of the 
25 present invention. The binder generally contains approxi- 
mately 70% ethylene and 30% vinyl acetate and may contain 
small amounts of other ingredients such as crossliriking 
agents or other additives. Other binding systems that can 
" be used are based on styrene butadiene polymers and 
30 acrylate polymers in which the anionic surfactant has been 
removed from the polymer. 

The method of application of the binder to the formed web 
can be by any commonly available system. It is, however, 
35 preferred to incorporate all of the binder and the 
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antinicrobial aqent along with the rewetting agent into a 
mixture and spray this nixture onto a preformed web to 
give better control of the amount of antimicrobial in" the 
finished product. The antinicrobial can also be applied 
5 by printing in a print pattern on one or both surfaces of 
the web. The binder is then cured by the usual curing 
techniques used in the manufacture of such nonwoven 
fabrics. 

10 The antinicrobial agent that is used in the present inven- 
tion is a commercially available antimicrobial polyhexa- 
methylene biguanide hydrochloride. The stoicheonetric 
formulation for this material As C 8 H 18 II 5 CL(C 8 H 18 >l 5 CL) n 
where n is between 4.5 and 6.5. The structural formula 

15 is: 

NH NHCL 
II II 

HCL KH 2 (CH 2 ) 3 [{CH3) 2 -NH-C^NH-C-NH(CH 2 ) 3 3 

20 

This material is generally known as FBHB and is available 
fran 1CI North America as an aqueous liquid containing 
approximately 20% solids. It has antimicrobial activity 
against a broad spectrum of both Gram negative and Gram 
25 positive bacteria. 

If it is desirable to provide absorbent characteristics to 
the nonwoven fabric, it is necessary to include a rewett- 
ing agent or rewetting surfactant in the formulation. 

30 This material is preferably an amphoteric surfactant so 
that it will not interfere with the antimicrobial agent. 
Suitable nonionic rewetting agents include betaine 
surfactants, nonylphenoxypoly (ethyleneoxy) ethanol, 
polyethylene glycol esters and sucrose fatty acid esters* 

35 The preferred rewetting agent is cocamidopropyl betaine. 
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It is particurlarly important in the practice of the 
present inventi n to insure that the anount of 
antimicrobial agent on the surface of the nonwoven web is 
sufficient to give the desired bactericidal activity' but 
is not so great to pose a problem in the event that some 
of the antinicrobial is leached from the surface of the 
fabric when this fabric is wetted with an operating room 
liquid. The antimicrobial roust be effectually tied into - 
the surface of the web either by some attraction to the 
fibers in the web or to the binder itself. The amount of 
the antimicrobial that can be extracted from the surface 
of the web by leaching with a saline solution should be 
less than approximately 80 parts per million and 
preferably less than 50 ppm. Saline extraction levels of 
the antimicrobial greater than 80 ppm may cause problems 
of toxicity which must be avoided. 

A typical formulation of binder, antimicrobial and 
revetting agent would contain the following {amounts are 
in parts by weight): 

Wet Weight Drv Weight 

Ethylene Vinyl Acetate 
PHHB 

Lexaine C 

NH^CL (crosslinking agent) 
Water 

TOTAL 

The formulation is thoroughly mixed and is then applied to 
an unbonded, nonwoven web during the manufacturing process 
of the nonwoven fabric. The formulation can be sprayed at 
a level of approximately 15 to 30 grams per square meter 
of fabric, and the fabric is then dried to crosslink the 
bind r. The formulation can be sprayed on both sides of 


157 
4.0 
4.8 
0.S7 

302 

468.57 


86.35 
0.80 
1.44 
0.57 
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the fabric , in which case the an unt of formulation 
sprayed would be between 7.5 and 15 grans per square 
meter. The binder content of fabric is between 15 and 
25 grans per square meter* on a dry basis. The anount of 
5 PHflB in the formulation applied to the fabric is from 0.05 

to 0.40 grans per square meter of fabric on a dry basis. 
— The amount of antimicrobial agent in the binder formula- 
tion is approximately .25% to 2% based on weight. The 
presence of the antimicrobial in the fabric in amounts 
10 greater than 0.40 grams per square meter can result in a* 
saline extraction level of greater than 80 parts" per 
million, which is not desirable. 

As indicated above, if it is desirable to maintain the 
15 absorbent properties of the fabric, a rewetting agent is ; 

included in the formulation. A standard test for absorp^ 

tion is to take a 12* x 12" piece of the fabric to be 

tested, and apply it to a surface at a 45° angle. Forty . 

(40) nillileters of water are then dripped onto the sur- 
20 face of the fabric in a 40 second tine period, if no 

liquid rolls down and off the fabric, the absorbency of 

the fabric is considered to be acceptable. 

The determination of the extraction levels of the PHMH 
25 from the fabric by saline is performed in the following 
manner. A physiological saline solution (0.9% salt 
concentration) is heated to 40° C in an oven. Samples of 
the fabric to be tested are cut into 1" squares and placed 
in a jar with 15 nillileters of the heated solution for 
30 each 1 gran sample of fabric. The samples are allowed to 
wet evenly and held for five minutes with an occasional 
mixing. The liquid is then removed from the container and 
tested with the appropriate agent for the antimicrobial. 
The solutions for PHMB are l.N sodium hy droxide,^ cetyl 
35 trimethyl ammonium bromide, isopropyl alcohQ l and alkaline 
sodim hydrobromate. After the fabric has been extracted, 
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th e reagents are added to a flask which contains the 
extract and the absorbence at 428 nm. against a blank 
solution by spectrophotometry determination is made. The 
amount of PHMB can be directly determined by comparing the 
absorbence of tested solution- with that of a standard., , 

The bactericidal efficacy of the fabric is tested in vitro 
according to the following technique. Samples of the 
fabric to be tested are cut into 1" squares and placed in 
individual petri dishes. Suspensions of the test organ- 
isms are prepared using sheep* s blood as a diluent with 
the test organism at a concentration of approximately 1 x 
10 s viable cells per ml. The inoculum at a rate of 0.2 ml 
is then added to the center of each sample square* The 
samples are placed in a high humidity chamber and removed 
after predetermined exposure times, as shown in the sub- 
sequent table. At the end of the exposure tine, the 
samples are placed in a tube with a neutral izer and 
saturated. The tubes are then vortexed to insure removal 
of any surviving bacteria from the test sample. For each 
tube, 1 ,ml of neutralizer is placed in a petri dish and 
poured with molten TSA agar. These petri dishes are then 
incubated at 37°C for 48 hours, and the colony count is 
determined. In order to be an acceptable antimicrobial 
for the surface of the surgical drape, the log 10 decrease 
in the bacteria should be at least 3 logs l0 . A 3 log 10 
decrease would Indicate That 99.9% of the bacteria have 
been destroyed. 

Example I 

The following Table I shows the log kill against various 
organisms at 30 and 60 minutes for the material of the 
present invention as well as controls. The fabric was a 
nonwoven fabric containing rayon and woodpulp fibers. The 
binder containing the antimicrobial was sprayed on both 
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sides of the fabric. The binder was a Hycar aery late 
binder which contains an anionic surfactant or a 70-3C 
ethylene vinyl acetate copolymer dispersed with a nonionic 
surfactant. The bactericidal efficacy was tested by the 
method set forth above. Table I clearly indicates the 
bactericidal efficacy of the present invention and also 
shows- that the use of a binder vmich contains an anionic 
surfactant cannot be used. Lexaine C is a cocanidopropyl 
betaine. 
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Table I 

Lo9io Decreases 

p. aeruginosa S. aureus 
30 • 60' 30' 60* 


Sample 
A 

0.0% PHMB (control) 
Hycar binder 

0.17% Lexaine C Surfactant 
B 

0.05% PHMB 
Hycar binder 

0.17% Lexaine C Surfactant 


P 

0.20% PHMB . 
EVA binder 

0.24% Lexaine C Surfactant 

E .. 

0.06% PHMB 
EVA binder 

0.24% Lexaine C Surfactant 


-0.136 -0.000 -0.023 -0.035 


-0.046 -0.097 -0.059+0.023 


-0.017 -0.017 


-4.342 -4.342 -3.102 -4.579 


-2.000 -3-301 -2.568 -3.091 


c ■ 

0.0% PHMB (control) 
EVA ^binder 

0.24% Lexaine C Surfactant +0.021 +0.041 
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Exanple II 

Samples of a nonwoven fabric made with e mixture of rayon 
and woodpulp fibers were treated with a binder formulation 
containing PHMB as an antimicrobial* The binder formula- 
tion contained the following (on a dry basis): 

ethylene vinyl acetate copolymer 
PHMB 

Lexaine C 
NH^Cl 

The formulation was applied as a 19% solution in water at 
a rate of approximately 20 grams per square meter of 
fabric. Three different samples of the fabric were tested 
for bactericidal activity against various bacteria, 
identified in Table II, using Test AATCO100 in the 
presence of sheep's blood. A .control which was the sane 
fabric without the PHHB was also tested* These were 
tested against various organisms, as shown in Table II.. 
The examination of data in Table II shows that the product 
of the present invention will kill over 99% of bacteria 
according to the test results. 


86.35 
0.80 
1.44 
0.57 
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Table II 


Sanple # of Surviving Bacteria Log ttecrease percent Kill 

S. Aureus • 




0« 

30' 

60* 30* 

60» 

30* 

60' 

"""" 

~'l 

17,700 

' 5 

10 -3.55 

-3.25 

99.972 

99.944 


2 

19,600 

5 

10 -3.59 

-3.29 

99374 

99.949 


3 

18,000 

0 

10 -4.26 

-3.26 

100.000 

99.944 

10 

Control 

18,800 

17,200 

17,700 -0.03 

-0.02 

8.511 

, 5.851 





P. Aeruginosa 





1 

17,900 

0 

0 -4.25 

-4.25 

100.000 100.000 


2 

22,700 

10 

0 -3.36 

-4.36 

99.956 100.000 

15 

3 

22,200 

20 

0 -3.05 

-4.35 

99.910 100.000 


Control 

26,600 

19,800 

27,400 -0.12 

40.02 

25364 

0.000 


* • 



K. Pneumoniae 





1 

47,000 

10 

15 -3.67 

-3.49 ' 

99.979 

99.968 

20 

2 

41,800 

0 

5 -4.62 

-3.92 

100.000 

99.983 


3 

47,900 

15 

5 -3.50 

-3.98 

99.969 

99.990 


Control 

44,800 

38,500 

51,400 -0.06 

40.06 

14.063 

0.000 





P. Vulgaris 




25 

1 

38,300 

9,500 

100 -0.60 

-2.58 

75.196 

99.739 


2 

31,500 

5,300 

10 -0.78 

-3.50 

83JL7S 

99.968 


3 

38,000 

9,900 

220 -0.58 

-2.24 

73.947 

99.421 


~~ Control 

-38,500 

41,000- 

37,800 +0.02 

-0.01 

0.000 

1.818 

30 




Exanple 

III 




35 


The test of Example II was also run comparing the product 
of the present invention as set forth in Exanple II with a 
commercially available antimicrobial drape* Those results 
are shown in Table III. In Table III, Sample A is the 
product of the present invention, and Sample B is the 
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commercially available product using a silicone quaternary 
ammonium salt as the antimicrobial agent. 

Table HI 

.Sample ♦ of Surviving Bacteria log Decrease Percent Kill 
0' 30' 60' 30' 60' 30' 60' 
S. Aureus 


A 19,700 45 5 -2.64 -3.59 99.772 99.975 

B 17,100 17,900 10,200 40.02 -0.22 0.000 40.351 

Control 19,000 19,300 31,800 +0.02 +0.22 0.000 OiOOO 

P. Aeruginosa 


A , 23,200 25 0 -2.97 -4.37 99.892 100.000 

B 21,600 28,500 33,200 +0.12 +0.19 0.000 0.000 

Control 25,000 33,100 29,600 +0.12 +0.07 0.000 0.000 


R. Pneumoniae 


A 39,000 5 0 -3.89 -*l.59 99.987 100.000 

B 36,400 42,500 69,400 +0.07 +0.21 0.000 0.000 

Control 41,500 41,300 51,900 0.00 +0.10 0.482 0.000 

P. Vulgaris 

A 50,100 4,700 40 -1.03 -3.10 90.619 99.920 

B ' 39,000 47,500 50,500 +0.09 +0O1 04)00 0.000 

Control 40,000 37,300 53,600 -0.03 +0.13 6.750 0.000 


. . . - Example IV " 

This example shows the use of PHHB in repellent-treated, 
nonwoven fabrics. Samples of unbonded webs were treated 
with a binder formulation which contained PBMB and a 
silicone-based repel 1 nt finish. The binder formulati n 
contained the following ingredients in parts by weight: 
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Ethylene vinyl acetate copolymer 
PHrtB 

Lexaine C 

Silicone repellent finish 


Wet 

Dry 

450 

225 

6.5 

1.3 

4.8 

1.4 

4.6 

4.6 


The formulation was applied to a nonwoven fabric at the 
rate of 19.6 grans per square neter on a wet basis. The 
repellent add-on on a dry basis was 0.42 grams pe.r square 
neter. The resultant fabric was tested for repellency and 
found to be water repellent. The fabric was tested for 
bactericidal activity against P. aeruginos and resulted in 
a 99.5% kill of the bacteria. 
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CLAinS : 

1. A surgical drape having antimicrobial properties 
comprising a nonwoven fabric bonded with a binder substan- 

5 tially free of an ionic -sur fact ants ana containing from 

0.05 to 0.40 grams per square meter of a polyhexamethylene 
biquanide hydrochloride as an antimicrobial agent # the □ 
saline extraction of the antimicrobial from the fabric by 
physiological saline being less than 80 parts per 
10 will ion. 

2. The surgical drape of Claim 1 in which the nonwoven 
fabric has a weight of from 40 to 100 grams per square 
meter. 

15 . 

3. Tbe surgical drape of Claim 1 or Claim 2 in which the binder is 
an ethylene vinyl acetate copolymer containing approxi- 
mately 70% ethylene and 30%. vinyl acetate. - — 

20 4. She surgical drape of Claim 3 in which the binder is 

a dispersion in polyvinyl alcohol prior to being applied . 
to the drape. 

5. The drape of any one of C laims 1 to 4. in which the 
25 binder is' applied to the .fabric in an amount of from 15 

to 25- grams per square meter. 

6. The surgical, drape of any one of Claims 1 to 5 con- v 
taining a surfactant as a rewetting agent in an amount of 

30 from 0.25 to 0.50 grams per square meter. 

' 7. The surgical drape of any one of Claims 1 .to 6 in which 
the antimicrobial is present in an amount of 0.15 grams per 
square meter. 
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C. A method of preparing a nonwoven fabric having 
antimicrobial properties and suitable for use as a 
surgical drape comprising applying to a preformed web of 
unbonded fibers an aqueous binder formulation containing: 

5 a) fron 95% to 98% by weight of an ethylene vinyl acetate 
copolymer binder substantially free of anionic 
surfactant; 

b) from 0.25% to 2% by weight of a polyhexamethylene 
10 biguanide hydrochloride, 

said binder being applied to said web in an amount of from 
IS to 30 grams per square meter of fabric* 

IS 9. The method of Claim 8 in which the binder also 
contains fron 1% to 2% by weight of oocamidopropyl 
betai'ne. 
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